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A b s t r a c t  
The m a t r i x  s w i t c h  i s  a c r i t i c a l  e l e m e n t  o f  
commun ica t i ons  s a t e l l i t e s  e m p l o y i n g  m u l t i p l e  beam 
a n t e n n a s  and o n - b o a r d ' s w i t c h i n g .  Two p r o o f - o f -  
c o n c e p t  mode ls  o f  a m ic rowave  m a t r i x  s w i t c h  have 
been d e v e l o p e d  under  NASA-sponsored c o n t r a c t s .  
These s w i t c h e s  have undergone  e x t e n s i v e  t e s t i n g  a t  
NASA Lew is  Research  C e n t e r  t o  d e t e r m i n e  t h e i r  o p e r -  
a t i n g  c h a r a c t e r i s t i c s  i n  a s y s t e m  e n v i r o n m e n t .  The 
r e s u l t s  o f  t h e s e  t e s t s  i n d i c a t e  t h e  e f f e c t  o f  t h e  
m a t r i x  s w i t c h  o n  t h e  o v e r a l l  sys tem o p e r a t i o n .  
I n t r o d u c t i o n  
Commun ica t i ons  s a t e l l i t e  d e s i g n s  a r e  b e g i n n i n g  
t o  emp loy  m u l t i p l e  beam a n t e n n a s  and on -board  
s w i t c h i n g  to  i n c r e a s e  t h e  e f f i c i e n c y  and r e d u c e  t h e  
c o s t  o f  c o m m u n i c a t i o n s  sys tems .  A c r i t i c a l  e l e m e n t  
o f  such a s y s t e m  i s  t h e  s a t e l l i t e  m a t r i x  s w i t c h .  
These s w i t c h e s  a r e  r e q u i r e d  t o  p r o v i d e  f a s t  s w i t c h -  
i n g  speeds and adequa te  i s o l a t i o n  be tween  c r o s s -  
p o i n t s  w h i l e  c o n t r i b u t i n g  v e r y  l i t t l e  d e g r a d a t i o n  
t o  t h e  s i g n a l s  b e i n g  t r a n s m i t t e d  t h r o u g h  t h e  
sys  tem. 
p r o o f - o f - c o n c e p t  (POC) s a t e l l i t e  m i c r o w a v e  m a t r i x  
s w i t c h e s ,  one  b u i l t  b y  G e n e r a l  E l e c t r i c  Company 
(GE), V a l l e y  Fo rge ,  PA, and  t h e  o t h e r  b y  F o r d  
Aerospace  and Commun ica t i ons  C o r p o r a t i o n ,  P a l o  
Alto, CA. An e x t e n s i v e  i n - h o u s e  t e s t i n g  p r o g r a m  a t  
NASA L e w i s  has e s t a b l i s h e d  m o s t  o f  t h e  o p e r a t i n g  
c h a r a c t e r i s t i c s  o f  t h e s e  s w i t c h e s ,  w i t h  t h e  r e s u l t s  
p r e v i o u s l y  r e p o r t e d . ]  Th rough  a second  s e r i e s  o f  
t e s t s  a t  NASA L e w i s ,  t h e  s i g n a l  d e g r a d a t i o n  r e s u l t -  
i n g  f r o m  t r a n s m i s s i o n  through t h e  m a t r i x  s w i t c h e s ,  
and  i n  p a r t i c u l a r ,  t h e  p e r f o r m a n c e  v a r i a t i o n  o f  a 
s a t e l l i t e  commun ica t i ons  s y s t e m  as d i f f e r e n t  m a t r i x  
s w i t c h  c r o s s p o i n t s  a r e  used ,  has been measured .  
T h i s  p a p e r  p r e s e n t s  and d i s c u s s e s  t h e  r e s u l t s  o f  
t h o s e  measurements.  
NASA L e w i s  s p o n s o r e d  t h e  d e v e l o p m e n t  o f  two 
POC M a t r i x  S w i t c h  D e s c r i p t i o n  
The m a t r i x  s w i t c h e s  were d e s i g n e d  t o  have 20 
i n p u t s  and 20 o u t p u t s .  I n  o r d e r  t o  r e d u c e  t h e  c o s t  
o f  t h e  POC m o d e l s ,  o n l y  a p o r t i o n  o f  t h e  a v a i l a b l e  
400 c r o s s p o i n t s  were p o p u l a t e d  w i t h  s w i t c h i n g  e l e -  
m e n t s .  The GE s w i t c h  c o n t a i n e d  61 a c t i v e  c r o s s -  
p o i n t s  and t h e  F o r d  s w i t c h  c o n t a i n e d  6 5  a c t i v e  
c r o s s p o i n t s .  
B o t h  c o n t r a c t o r s  chose  a c o u p l e d  c r o s s b a r  
a r c h i t e c t u r e  fo r  t h e i r  POC mode ls . *13  
a d i a g r a m  o f  t h i s  a r c h i t e c t u r e .  The i n p u t  and  o u t -  
p u t  t r a n s m i s s i o n  l i n e s  a r e  c o u p l e d  t o  each  o t h e r  
t h r o u g h  a s w i t c h i n g  e l e m e n t  ( d e s c r i b e d  b e l o w ) .  
W i t h  t h e  s w i t c h  open,  t h e  i n p u t  and  o u t p u t  l i n e s  
a r e  i s o l a t e d .  W i t h  t h e  s w i t c h  c l o s e d ,  t h e  i n p u t  
and  o u t p u t  l i n e s  a r e  c o n n e c t e d  w i t h  r o u g h l y  20 dE 
o f  i n s e r t i o n  l o s s .  The mos t  s i g n i f i c a n t  d i f f e r -  
ences be tween  t h e  d e s i g n  approaches  o f  t h e  two con- 
t r a c t o r s  were t h e  v a l u e s  o f  t h e  c o u p l i n g  c o e f f i c i -  
e n t s  used  i n  t h e  c o u p l e d  c r o s s b a r  d e s i g n  and t h e  
p a c k a g i n g .  F o r  t h e  GE s w i t c h ,  t h e  c o e f f i c i e n t s  
F i g u r e  1 i s  
were chosen t o  be 15 dB for  a l l  c r o s s p o i n t s .  w h i l e  
i n  t h e  F o r d  s w i t c h  t h e  c o u p l i n g  c o e f f i c i e n t s  were 
i n c r e a s e d  fo r  c r o s s p o i n t s  f a r t h e r  from t h e  RF i n p u t  
to  m i n i m i z e  t h e  i n s e r t i o n  l o s s  v a r i a t i o n  be tween  
c r o s s p o i n t s .  
F i g s .  2 and 3 .  F i g u r e  2 ( a )  shows t h e  d i s t r i b u t i o n  
o f  c r o s s p o i n t s  for t h e  F o r d  s w i t c h .  I n  t h e  p h o t o -  
g r a p h  o f  t h e  F o r d  s w i t c h  ( F i g .  2 ( b ) )  t h e  a r r a n g e -  
ment  o f  c r o s s p o i n t s  i n  t h e  t o p  c h a s s i s  can  be seen .  
The GE s w i t c h  c r o s s p o i n t  d i s t r i b u t i o n  ( F i g .  3 ( b ) )  
c o n t a i n s  f i v e  i n p u t  co lumns ,  two o f  w h i c h  a r e  con- 
n e c t e d  to  a l l  20 o u t p u t s .  I n  F i g .  3 ( b ) ,  s e v e r a l  o f  
t h e s e  co lumns a r e  v i s i b l e .  I n  b o t h  p h o t o g r a p h s ,  
t h e  d i g i t a l  s w i t c h  c o n t r o l  u n i t s  a r e  v i s i b l e  as 
t h e  v e r t i c a l  c h a s s i s  a t  t h e  r e a r  o f  t h e  RF s w i t c h  
c h a s s i s .  
shown i n  F i g s .  4 ( a )  and 5 ( a ) .  B o t h  c o n t r a c t o r s  
used  a t w o - s t a g e  d u a l - g a t e  GaAsFET c o n f i g u r a t i o n  
w i t h  a p p r o p r i a t e  i n p u t ,  o u t p u t ,  and i n t e r s t a g e  
m a t c h i n g  n e t w o r k s .  F a s t  s w i t c h i n g  b i p o l a r  t r a n s i s -  
t o r s  were used  t o  d r i v e  t h e  GaAsFETs. F i g u r e s  4 ( b )  
and 5 ( b )  a r e  p h o t o g r a p h s  o f  t h e  F o r d  and GE s w i t c h -  
i n g  e l e m e n t s ,  r e s p e c t i v e l y .  
c o n t r a c t o r s  was impedance m a t c h i n g  p r o b l e m s  o c c u r -  
r i n g  a t  t h e  i n p u t  and o u t p u t  o f  t h e  s w i t c h i n g  
e l e m e n t s .  These m ismatches  r e s u l t e d  i n  l a r g e  
a m p l i t u d e  r i p p l e  ( v e r s u s  f r e q u e n c y ) .  GE's  a p p r o a c h  
to t h i s  p r o b l e m  was t o  n a r r o w  t h e  s w i t c h  o p e r a t i n g  
b a n d w l d t h  f r o m  t h e  d e s i g n  g o a l  o f  2 .5  GHz t o  t h e  
c o n t r a c t  minimum o f  1 GHz i n  o r d e r  i m p r o v e  t h e  p e r -  
f o r m a n c e  of  t h e  m a t c h i n g  n e t w o r k s .  I n  t h e  F o r d  
d e s i g n ,  t h e  l i n e  l e n g t h s  between t h e  s w i t c h i n g  e l e -  
ments were v a r i e d  t o  t u n e  o u t  t h e  a m p l i t u d e  r i p p l e  
w h i l e  m a i n t a i n i n g  t h e  2 . 5  GHz b a n d w i d t h .  
The d i f f e r e n t  p a c k a g i n g  approaches  a r e  seen i n  
B l o c k  d i a g r a m s  o f  t h e  s w i t c h  e l e m e n t s  a r e  
The g r e a t e s t  d i f f i c u l t y  e n c o u n t e r e d  by  b o t h  
M a t r i x  S w i t c h  CW P e r f o r m a n c e  
. E x t e n s i v e  t e s t i n g  o f  b o t h  m a t r i x  s w i t c h e s  
o c c u r r e d  a t  NASA Lew is  upon d e l i v e r y  o f  t h e  POC 
u n i t s .  Among t h e  i m p o r t a n t  p a r a m e t e r s  t e s t e d  were 
b a n d w i d t h ,  i n s e r t i o n  loss, bandpass a m p l i t u d e  r i p -  
p l e ,  i n p u t  and o u t p u t  VSWR, i s o l a t i o n ,  and s w i t c h -  
i n g  speed.  These t e s t s  were c o n d u c t e d  o n  a l l  o f  
t h e  a c t i v e  c r o s s p o i n t s  for b o t h  m a t r i x  s w i t c h e s ,  
w i t h  t h e  r e s u l t s  summar ized i n  T a b l e  I .  
One o f  t h e  c r i t i c a l  p e r f o r m a n c e  p a r a m e t e r s  o f  
a m a t r i x  s w i t c h  i s  t h e  i s o l a t i o n  be tween  i n p u t  and 
o u t p u t  p o r t s  when t h e  c r o s s p o i n t  i s  open .  Poor 
i s o l a t i o n  degrades  t h e  sys tem p e r f o r m a n c e  b y  c r e a t -  
i n g  c r o s s t a l k  i n t e r f e r e n c e  between u n c o n n e c t e d  
c h a n n e l s  o f  t h e  sys tem.  B o t h  POC mode ls  p e r f o r m e d  
w e l l  i n  t h i s  a r e a ,  a c h i e v i n g  i s o l a t i o n  i n  excess  o f  
50 dB. 
The s w i t c h i n g  speed as measured a t  NASA L e w i s  
d e t e r m i n e d  t h e  t i m e  r e q u i r e d  fo r  a n  i n p u t  RF  s i g n a l  
t o  be s w i t c h e d  from one o u t p u t  p o r t  t o  a n o t h e r .  
T h i s  p a r a m e t e r  d e t e r m i n e s  t h e  maximum r e c o n f i g u r a -  
t i o n  r a t e  o f  t h e  m a t r i x  s w i t c h  and t h u s  d r i v e s  
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many o f  t h e  TDMA o p e r a t i n g  p a r a m e t e r s  o f  a sys tem 
e m p l o y i n g  a m a t r i x  s w i t c h .  Good p e r f o r m a n c e  was 
a c h i e v e d  by  b o t h  s w i t c h e s ,  w i t h  a 15 .6 -ns  a v e r a g e  
speed f o r  t h e  F o r d  s w i t c h  and a 32.2-ns a v e r a g e  
speed for  t h e  GE s w i t c h .  
i m o o r t a n t  c o n t r i b u t o r  to  d e g r a d a t i o n  of s i g n a l s  
t r a n s m i t t e d  t h r o u g h  a m a t r i x  s w i t c h  i s  t h e  f r e -  
quency r e s p o n s e .  A s  was d i s c u s s e d  i n  t h e  p r e v i o u s  
s e c t i o n ,  impedance m a t c h i n g  p rob lems  c o n t r i b u t e d  t o  
s i g n i f i c a n t  a m p l i t u d e  , r i pp le  f o r  b o t h  POC m o d e l s .  
I n - b a n d  r i p p l e  f o r  t h e  GE s w i t c h  a v e r a g e d  l e s s  
t h a n  h a l f  t h a t  for  t h e  F o r d  s w i t c h ,  a t  t h e  expense 
o f  r e d u c e d  b a n d w i d t h .  T a b l e  I shows an a v e r a g e  
i n - b a n d  r i p p l e  ( a s  measured a t  NASA L e w i s )  o f  
5.60 dB f o r  t h e  F o r d  m a t r i x  s w i t c h  and 2 . 2 3  dB fo r  
t h e  GE m a t r i x  s w i t c h .  F requency  r e s p o n s e  p l o t s  
for t y p i c a l  F o r d  and GE c r o s s p o i n t s  a r e  shown i n  
F i g .  6 .  The g e n e r a l  shape o f  t h e  GE s w i t c h  v a r i e d  
much l e s s  from c r o s s p o i n t  to  c r o s s p o i n t  t h a n  t h a t  
o f  t h e  F o r d  s w i t c h .  
The p a r a m e t e r  w h i c h  has p r o v e d  t o  be t h e  mos t  
D e s c r i p t i o n  o f  B i t -Er ro r  Ra te  Measurement  
A s a t e l l i t e  commun ica t i on  sys tem s i m u l a t o r  and 
t e s t  bed, as shown i n  F i g .  7 ,  has been d e v e l o p e d  a t  
NASA L e w i s .  T h i s  s i m u l a t o r ,  c o n s i s t i n g  o f  h a r d w a r e  
d e v e l o p e d  b o t h  i n -house  and u n d e r  c o n t r a c t ,  i s  used  
t o  p e r f o r m  a v a r i e t y  o f  CW and m o d u l a t e d  s i g n a l  
t r a n s m i s s i o n  t e s t s  and e x p e r i m e n t s  on c o m m u n i c a t i o n  
systems and sys tem components .4-6 
e s s e n t i a l l y  s i m u l a t e s  an end- to-end s a t e l l i t e  corn- 
m u n i c a t i o n s  l i n k  w i t h  two t r a n s p o n d e r  c h a n n e l s  and 
two g r o u n d  t e r m i n a l s  s w i t c h e d  t h r o u g h  an on -board  
m a t r i x  s w i t c h .  I n  t h e  s e r i e s  o f  t e s t s  d e s c r i b e d  
i n  t h i s  p a p e r ,  t h e  m a t r i x  s w i t c h  i s  t h e  component 
u n d e r  t e s t .  
U s i n g  o n l y  one o f  t h e  g r o u n d  t e r m i n a l s  i n  a 
l oop -back  mode, a m o d u l a t e d  or unmodu la ted  s i g n a l  
can be t r a n s m i t t e d  t h r o u g h  t h e  sys tem.  P e r f o r m a n c e  
o f  a p a r t i c u l a r  component can  be e v a l u a t e d  b y  
t r a n s m i t t i n g  s i g n a l s  f i rst t h r o u g h  t h e  sys tem w i t h  
t h e  component i n  p l a c e ,  and t h e n  w i t h  t h e  component 
bypassed .  A l t e r n a t i v e l y ,  t h e  p e r f o r m a n c e  o f  two 
components can be compared b y  d i r e c , t  s u b s t i t u t i o n  
i n t o  t h e  sys tem.  W i t h  two d i f f e r e n t  POC m a t r i x  
s w i t c h  mode ls  a v a i l a b l e  f o r  t e s t i n g ,  b o t h  methods 
o f  e v a l u a t i o n  can be u s e d .  
The sys tem 
The amount o f  d e g r a d a t i o n  i n t r o d u c e d  i n t o  t h e  
end- to -end  c o m m u n i c a t i o n  sys tem can be d e t e r m i n e d  
u s i n g  t h e  bypass  method.  
s w i t c h e s ,  an e q u i v a l e n t  amount o f  a t t e n u a t i o n  
( a b o u t  20 dB) i s  added i n  p l a c e  o f  t h e  s w i t c h e s  i n  
o r d e r  t o  m a i n t a i n  c o n s i s t e n t  power l e v e l s  t h r o u g h -  
o u t  t h e  sys tem and t h u s  p r o v i d e  a v a l i d  c o m p a r i s o n .  
I n  mak ing  a d i r e c t  compar i son  o f  t h e  p e r f o r m -  
ance o f  t h e  two s w i t c h e s ,  one d i f f e r e n c e  mus t  be 
c o n s i d e r e d .  A s  shown i n  T a b l e  I, t h e  s w i t c h e s  w e r e ,  
d e s i g n e d  to  o p e r a t e  i n  two d i f f e r e n t  f r e q u e n c y  
bands .  
o v e r  a s a t e l l i t e  I F  band o f  3.7 t o  6 . 2  GHz. T h i s  
r e s u l t s  from t h e  I F  o u t p u t  o f  t h e  s a t e l l i t e  low 
n o i s e  r e c e i v e r  ( i t s e l f  a POC d e v e l o p m e n t ) .  The 
F o r d  s w i t c h ,  w i t h  a d e s i g n  f r e q u e n c y  band o f  3.5 t o  
6.0 GHz. v e r y  n e a r l y  matches t h e  e n t i r e  s i m u l a t o r  
sys tem o p e r a t i n g  band.  T h i s  a l l o w e d  t e s t i n g  i n  
t h r e e  d i f f e r e n t  f r e q u e n c y  bands,  one a t  t h e  l o w e r  
end o f  t h e  band ( c e n t e r e d  a t  4 . 2 5  GHz), one n e a r  
t h e  c e n t e r  o f  t h e  band ( c e n t e r e d  a t  5 .0  GHz), and 
I n  t h e  case o f  t h e  m a t r i x  
The commun ica t i on  sys tem s i m u l a t o r  o p e r a t e s  
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one a t  t h e  upper  end o f  t h e  band ( c e n t e r e d  a t  
5 . 7 2 5  GHz). These t h r e e  bands have been d e s i g n a t e d  
as bands A .  B ,  and C ,  r e s p e c t i v e l y .  Due t o  t h e  
p r e s e n c e  o f  o t h e r  POC deve lopmen t  components i n  t h e  
sys tem,  t h e  o v e r a l l  f r e q u e n c y  r e s p o n s e  even w i t h o u t  
t h e  m a t r i x  s w i t c h  i s  f a r  from i d e a l ,  and :he s e l e c -  
t i o n  o f  t h e s e  t h r e e  t e s t  bands p r o v i d e s  v a r y i n g  
t r a n s m i s s i o n  c h a r a c t e r i s t i c s  a g a i n s t  w h i c h  :he 
m a t r i x  s w i t c h  t e s t  r e s u l t s  can be v i e w e d .  i n  gen- 
e r a l ,  band B,  n e a r  t h e  band c e n t e r  o f  a l l  t h e  m a j o r  
s y s t e m  componen ts ,  e x h i b i t s  t h e  b e s t  o v e r a l l  t r a n s -  
m i s s i o n  c h a r a c t e r i s t i c s  ( p a r t i c u l a r l y  i n  h a v i n g  t h e  
f l a t t e s t  f r e q u e n c y  r e s p o n s e ) ,  w h i l e  t h e  o t h e r  two 
bands e x h i b i t  v a r y i n g  degrees  of deg raded  t r a n s m i s -  
s i o n  c h a r a c t e r i s t i c s .  
The GE s w i t c h  o p e r a t e s  o v e r  a band o f  a p p r o x i -  
m a t e l y  6 t o  7 GHz. T h i s  o f f e r s  o n l y  a n a r r o w  band 
o v e r l a p p i n g  t h e  upper  end o f  t h e  s i m u l a t o r  sys tem 
b a n d w i d t h  and t h e  l o w e r  end o f  t h e  GE s w i t c h  band- 
w i d t h  i n  w h i c h  t e s t i n g  can t a k e  p l a c e ,  c e n t e r e d  a t  
6 .025 GHz. S i n c e  t h e  b a n d w i d t h  o f  t h e  GE s w i t c h  
v a r i e s  somewhat from c r o s s p o i n t  t o  c r o s s p o i n t ,  t h e  
12 c r o s s p o i n t s  w i t h  t h e  mos t  f r e q u e n c y  o v e r l a p  were 
s e l e c t e d  f o r  t h e s e  t e s t s .  Thus, t h e  GE t e s t  band 
does n o t  c o i n c i d e  w i t h  any  o f  t h e  F o r d  t e s t  bands.  
t h i s  p a p e r  was t a k e n  u s i n g  an au tomated  b i t - e r r o r  
r a t e  measurement  ~ y s t e m . ~  The m o d u l a t e d  s i g n a l  i s  
p r o d u c e d  f r o m  a s e r i a l  m i n i m u m - s h i f t - k e y e d  (SMSK)  
m o d u l a t o r  o p e r a t i n g  a t  220 Mbps. T h i s  s i g n a l ,  
encoded  w i t h  a pseudo-random d a t a  sequence,  i s  
t r a n s m i t t e d  w i t h  an o p e r a t i n g  b a n d w i d t h  o f  330 MHz. 
T h i s  b a n d w i d t h  ( e q u a l  t o  1 . 5  t i m e s  t h e  b i t  r a t e )  
r e p r e s e n t s  t h e  c e n t e r  l o b e  o f  t h e  SMSK m o d u l a t e d  
f r e q u e n c y  s p e c t r u m ,  and i s  adequa te  for  good d e t e c -  
t i o n  o f  t h e  SMSK s i g n a l .  A f t e r  t r a n s m i s s i o n  
t h r o u g h  t h e  sys tem,  w h i t e  n o i s e  i s  added t o  t h e  
s i g n a l  b e f o r e  b e i n g  demodu la ted .  A f t e r  t h e  s i g n a l  
i s  d e m o d u l a t e d ,  t h e  r e s u l t i n g  r e c e i v e d  b i t  s t r e a m  
i s  compared t o  a s t o r e d  r e p l i c a  o f  t h e  o r i g i n a l  
pseudo-random b i t  s t r e a m  and t h e  b i t - e r r o r  r a t e  i s  
c a l c u l a t e d .  The n o i s e  power i s  i n c r e m e n t e d  i n  1-dB 
s t e p  t o  p r o v i d e  a r a n g e  o f  e n e r g y - p e r - b i t  t o  n o i s e  
power d e n s i t y  r a t i o s  (Eb/N,) a t  t h e  d e m o d u l a t o r  
i n p u t  i n  o r d e r  t o  a l l o w  an e n t i r e  c u r v e  o f  b i t -  
e r r o r  r a t e s  as a f u n c t i o n  o f  Eb/No t o  be 
measured.  
The b i t - e r r o r  r a t e  (BER) d a t a  p r e s e n t e d  i n  
O f  s i g n i f i c a n c e  i n  t h e  p e r f o r m a n c e  o f  a s a t e l -  
l i t e  c o m m u n i c a t i o n  l i n k  i s  t h e  o p e r a t i n g  p o i n t s  o f  
t h e  v a r i o u s  a c t i v e  d e v i c e s  i n  t h e  sys tem,  p a r t i c u -  
l a r l y  t h e  s a t e l l i t e  h i g h  power o u t p u t  a m p l i f i e r  
( H P A ) .  Fo r  t h e s e  t e s t s ,  a l l  a c t i v e  d e v i c e s  were 
o p e r a t e d  l i n e a r l y  e x c e p t  t h e  HPA ( a  m u l t i p o w e r  mode 
TWT).7 T e s t s  were p e r f o r m e d  w i t h  t h e  TWT a t  t h r e e  
d i f f e r e n t  o p e r a t i n g  p o i n t s :  s a t u r a t i o n ,  1 dB com- 
p r e s s i o n  ( a p p r o x i m a t e l y  9 d8 i n p u t  b a c k o f f  from 
s a t u r a t i o n ) ,  and l i n e a r  ( a p p r o x i m a t e l y  18 dB i n p u t  
b a c k o f f  from s a t u r a t i o n ) .  
M a t r i x  S w i t c h  Bit-Error Ra te  Per fo rmance  
The m a t r i x  s w i t c h  was t e s t e d  i n  a s t a t i c  mode 
( n o  dynamic  s w i t c h i n g  d u r i n g  BER measurement)  u s i n g  
one s y s t e m  s i m u l a t o r  g round  t e r m i n a l  as d e s c r i b e d  
above .  F o r  t h e  F o r d  s w i t c h ,  17 c r o s s p o i n t s  were 
t e s t e d  w i t h  t h e  HPA i n  s a t u r a t i o n  and a t  1 dB com- 
p r e s s i o n  and f i v e  c r o s s p o i n t s  were t e s t e d  w i t h  t h e  
HPA i n  t h e  l i n e a r  r e g i o n .  Twelve GE s w i t c h  c r o s s -  
p o i n t s  were t e s t e d  a t  each o f  t h e  HPA o p e r a t i n g  
p o i n t s .  
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The t e s t  d a t a  i s  p r e s e n t e d  i n  T a b l e  11. BER 
measurement r e s u l t s  a r e  summar ized for t h e  GE 
s w i t c h  and fo r  each  o f  t h e  t h r e e  F o r d  s w i t c h  t e s t  
bands .  I n  a d d i t i o n ,  t h e  r e s u l t s  o f  a m p l i t u d e  r i p -  
p l e  measurements a r e  shown. 
i s  t h e  Eb/No r e q u i r e d  t o  m a i n t a i n  a BER o f  10-6. 
T h i s  p a r a m e t e r  i s  d e t e r m i n e d  from a measured BER 
c u r v e  by  l i n e a r  i n t e r p o l a t i o n  between d a t a  p o i n t s .  
For c o m p a r i s o n .  t h e  t h e o r e t i c a l  BER c u r v e  f o r  SMSK 
r e q u i r e s  an Eb/No of 1 0 . 5 1  dB a t  I n  a 
b a c k - t o - b a c k  m o d u l a t o r - d e m o d u l a t o r  t e s t ,  t h e  degra -  
d a t i o n  from t h e  t h e o r e t i c a l  c u r v e  i s  0 .9  dB. 
The p a r a m e t e r  g i v e n  fo r  t h e  BER t e s t  r e s u l t s  
The d a t a  i n  T a b l e  I 1  c l e a r l y  d e m o n s t r a t e s  t h e  
c o n t r i b u t i o n  t o  sys tem a m p l i t u d e  r i p p l e  and d a t a  
t r a n s m i s s i o n  q u a l i t y  d e g r a d a t i o n  o f  b o t h  s w i t c h e s .  
By c o m p a r i n g  t h e  mean v a l u e s  o f  t h e  a m p l i t u d e  r i p -  
p l e  w i t h  t h e  measurements made w i t h  t h e  m a t r i x  
s w i t c h  bypassed ,  t h e  aean c o n t r i b u t i o n  o f  t h e  
m a t r i x  s w i t c h e s  t o  t h e  o v e r a l l  a m p l i t u d e  r i p p l e  of 
t h e  s i m u l a t o r  syste.2 cari be seen for each f r e q u e n c y  
band and HPA c p e r a t r n g  p o i n t .  The c o n t r i b u t i o n  o f  
t h e  s w i t c h e s  :o t h e  d e g r a d a t i o n  o f  d a t a  t r a n s m i s -  
s i o n  q u a l i t y ,  as  measured by  t h e  Eb/No r e q u i r e d  
t o  m a i n t a i n  a BER o f  10-6 can  be s i m i l a r l y  
de t e r m i  ned .  
For b o t h  s w i t c h e s ,  o p e r a t i o n  o f  t h e  HPA i n  
s a t u r a t i o n  p r o v i d e d  a h a r d - l i m i t i n g  e f f e c t  w h i c h  
f l a t t e n e d  t h e  o v e r a l l  f r e q u e n c y  r e s p o n s e .  As t h e  
HPA was backed  o f f  to  t h e  1 dB c o m p r e s s i o n  p o i n t ,  
t h e  a m p l i t u d e  r i p p l e  i n c r e a s e d ,  and f u r t h e r  b a c k i n g  
o f f  to  t h e  l i n e a r  p o i n t  a l l o w e d  s t i l l  a f u r t h e r  
i n c r e a s e .  F i g u r e  8 g i v e s  a good example o f  t h i s  
b e h a v i o r  for one F o r d  c r o s s p o i n t  i n  f r e q u e n c y  
band C .  The BER d a t a  g e n e r a l l y  deg raded  as t h e  
a m p l i t u d e  r i p p l e  i n c r e a s e d .  Sample measured BER 
c u r v e s  a r e  shown i n  F i g .  8 f o r  b o t h  s w i t c h e s  show- 
i n g  t h e  d e g r a d a t i o n  o c c u r r i n g  as t h e  HPA i s  backed  
o f f .  F o r  t h e  F o r d  s w i t c h ,  t h e  r e s u l t s  f o r  t h e  l i n -  
e a r  HPA t e s t s  d e v i a t e  somewhat from t h i s  r e s u l t ,  
p o s s i b l y  due t o  t h e  r e l a t i v e l y  s m a l l  number of 
c r o s s p o i n t s  t e s t e d .  O v e r a l l ,  o p e r a t i n g  t h e  HPA i n  
s a t u r a t i o n  s i g n i f i c a n t l y  r e d u c e d  t h e  d a t a  t r a n s -  
m i s s i o n  d e g r a d a t i o n  a t t r i b u t a b l e  t o  t h e  m a t r i x  
s w i t c h e s .  
GE m a t r i x  s w i t c h e s ,  s e v e r a l  o t h e r  p o i n t s  can be 
made. F i r s t ,  t h e  Eb/No r e q u i r e d  t o  m a i n t a i n  a 
BER i s  a b o u t  t h e  same, o n  t h e  a v e r a g e ,  for  
b o t h  s w i t c h e s  when t h e  HPA i s  s a t u r a t e d .  The sys-  
tem p e r f o r m a n c e  d e t e r i o r a t e s  much more r a p i d l y  w i t h  
t h e  GE s w i t c h  t h a n  w i t h  t h e  F o r d  s w i t c h  as t h e  HPA 
i s  backed  o f f .  T h i s  i s  due p r i m a r i l y  t o  t h e  p l a c e -  
ment  o f  t h e  GE t e s t  band n e a r  t h e  sys tem component 
band edges ,  as d e s c r i b e d  e a r l i e r .  E v i d e n c e  o f  t h i s  
i s  t h e  i n c r e a s e  i n  a m p l i t u d e  r i p p l e  fo r  t h e  GE 
s w i t c h  as compared to  t h e  F o r d  s w i t c h  as  t h e  HPA i s  
backed  o f f .  The c o n t r i b u t i o n  t o  t h e  s y s t e m  a m p l i -  
t u d e  r i p p l e ,  however ,  i s  c o n s i d e r a b l y  s m a l l e r  f o r  
t h e  GE s w i t c h ,  as  w o u l d  be e x p e c t e d  c o n s i d e r i n g  t h e  
f l a t t e r  f r e q u e n c y  r e s p o n s e  o f  t h e  GE s w i t c h .  
p r e s e n t e d  i s  t h e  p e r f o r m a n c e  v a r i a t i o n  from cross- 
p o i n t  t o  c r o s s p o i n t .  The s t a n d a r d  d e v i a t i o n  o f  t h e  
Eb/No d a t a  and  t h e  a m p l i t u d e  r i p p l e  d a t a  shows 
t h a t  t h e  GI! s w i t c h ,  w i t h  i t s  much f l a t t e r  f r e q u e n c y  
r e s p o n s e ,  s i g n i f i c a n t l y  o u t p e r f o r m s  t h e  F o r d  s w i t c h  
i n  t h i s  c a t e g o r y .  The r a n g e  o f  h i g h e s t  t o  l o w e s t  
I n  c o m p a r i n g  t h e  p e r f o r m a n c e  o f  t h e  F o r d  and 
The c l e a r e s t  r e s u l t  t o  be seen from t h e  d a t a  
Eb/No a l s o  u n d e r s c o r e s  t h i s  p o i n t ,  and i s  
t r a t e d  b y  t h e  sample BER p l o t s  i n  F i g .  10. 
w i t h  t h e  HPA a t  s a t u r a t i o n ,  t h e  r a n g e  and 
d e v i a t i o n  fo r  t h e  F o r d  s w i t c h  were s e v e r a l  
h i g h e r  t h a n  fo r  t h e  GE s w i t c h .  These r e s u  
c a t e  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  f r e q u e  
r e s p o n s e  i n  t h e  d e s i g n  of a m a t r i x  s w i t c h .  
C o n c l u s i o n s  
i l l u s -  
Even 
t a n d a r d  
t i m e s  
t s  i n d i -  
C Y  
I n  a s a t e l l i t e  c o m m u n i c a t i o n  sys tem e m p l o y i n g  
o n - b o a r d  s w i t c h i n g ,  a g r o u n d  t e r m i n a l  may be 
r e q u i r e d  to  r e c e i v e  t r a n s m i s s i o n s  t h r o u g h  a number 
o f  t h e  m a t r i x  s w i t c h  c r o s s p o i n t s .  G i v e n  t h e  
complex c i r c u i t r y  o f  a m a t r i x  s w i t c h ,  w h i c h  i n  t h e  
f u t u r e  w i l l  be r e q u i r e d  to  have  as many as 100 
i n p u t s  and  o u t p u t s ,  i t  i s  r e a s o n a b l e  to  e x p e c t  
l e s s  t h a n  i d e a l  t r a n s m i s s i o n  c h a r a c t e r i s t i c s ,  and 
c h a r a c t e r i s t i c s  t h a t  v a r y  from c r o s s p o i n t  to  
c r o s s p o i n t .  
The d a t a  p r e s e n t e d  i n d i c a t e s  t h a t  a l t h o u g h  a 
m a t r i x  s w i t c h  may meet  many d e s i r a b l e  s p e c i f i c a -  
t i o n s ,  such  as  s w i t c h i n g  speed and i s o l a t i o n .  t h e  
f o r w a r d  t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t h e  s w i t c h  
have a s i g n i f i c a n t  e f f e c t  o n  t h e  p e r f o r m a n c e  o f  t h e  
sys tem i n  w h i c h  i t  i s  emp loyed .  I n  p a r t i c u l a r ,  t h e  
f r e q u e n c y  r e s p o n s e  i n  t e r m s  o f  a m p l i t u d e  r i p p l e  and  
v a r i a t i o n  from c r o s s p o i n t  t o  c r o s s p o i n t  has a meas- 
u r a b l e  e f f e c t  o n  t h e  q u a l i t y  o f  d i g i t a l l y  m o d u l a t e d  
s i g n a l s  t r a n s m i t t e d  t h r o u g h  s u c h  a sys tem.  
The p r e s e n c e  of a h a r d  l i m i t e r  a f t e r  t h e  
s w i t c h  has been shown t o  g r e a t l y  r e d u c e  t h e  degrad -  
i n g  e f f e c t s  o f  t h e  a m p l i t u d e  r i p p l e  o f  t h e  m a t r i x  
s w i t c h .  O f  c o u r s e ,  a h a r d  l i m i t e r  may i n t r o d u c e  
i n t e r m o d u l a t i o n  d i s t o r t i o n  when s e v e r a l  f r e q u e n c y  
c h a n n e l s  a r e  s i m u l t a n e o u s l y  p r e s e n t .  B a c k i n g  o f f  
t h e  l i m i t e r  has t h e  e f f e c t  o f  g r e a t l y  i n c r e a s i n g  
t h e  d e g r a d a t i o n  caused  b y  t h e  m a t r i x  s w i t c h .  
The F o r d  and  GE POC m a t r i x  s w i t c h e s  demon- 
s t r a t e  t h e  b a n d w i d t h  v e r s u s  a m p l i t u d e  r i p p l e  t r a d e -  
o f f  w h i c h  o c c u r s  i n  s w i t c h  d e s i g n .  The BER d a t a  
p r e s e n t e d  shows how t h a t  t r a d e o f f  a f f e c t s  sys tem 
p e r f o r m a n c e .  I n  p a r t i c u l a r ,  t h e  BER p e r f o r m a n c e  
v a r i e s  g r e a t l y  f r o m  c r o s s p o i n t  t o  c r o s s p o i n t  as t h e  
a m p l i t u d e  r i p p l e  becomes s e v e r e .  The d a t a  from t h e  
GE s w i t c h  d e m o n s t r a t e s  t h a t  f o r  s w i t c h  a m p l i t u d e  
r i p p l e  a v e r a g i n g  2 . 2  dB, t h e  Eb/No r e q u i r e d  t o  
m a i n t a i n  a BER o f  10-6 v a r i e s  a b o u t  t0.6 dB, even  
w i t h  n o  l i m i t i n g  p r e s e n t .  This i n d i c a t e s  t h a t  2 dB 
m i g h t  be a r e a s o n a b l e  d e s i g n  g o a l  f o r  f u t u r e  m a t r i x  
s w i t c h  d e s i g n s .  
e f f o r t s ,  NASA L e w i s  has c o n t i n u e d  t o  sponsor  d e v e l -  
opment work  o n  s a t e l l i t e  m a t r i x  s w i t c h e s  i n  s u p p o r t  
of numerous f u t u r e  NASA s c i e n c e  p r o j e c t s  and  com- 
m e r c i a l  a p p l i c a t i o n s ,  p a r t i c u l a r l y  i n  t h e  MMIC 
a r e a ,  w h i c h  a r e  e x p e c t e d  t o  b r i n g  f u r t h e r  improve -  
men ts  i n  m a t r i x  s w i t c h  p e r f o r m a n c e .  
R e f e r e n c e s  
S i n c e  t h e  c o m p l e t i o n  o f  t h e  F o r d  and  GE 
1 .  Saunders ,  A . .  "20 X 20 H i g h  Speed M ic rowave  
2 .  Ho, P .T . ,  Coban, E . ,  and P e l o s e ,  J . ,  
S w i t c h e s , "  NASA TM-83775. 1984. 
" S p a c e c r a f t  I F  S w i t c h  M a t r i x  fo r  Wideband 
S e r v i c e  A p p l i c a t i o n s  i n  30/20 GHz S a t e l l i t e  
Sys tems , "  NASA CR-168175. 1983. 
3 
3. Cory ,  B . J . ,  " S p a c e c r a f t  I F  S w i t c h  M a t r i x  for 6. 
Wideband S e r v i c e  A p p l i c a t i o n s  i n  30120 GHz 
Commun ica t i on  S a t e l l i t e  Systems,"  NASA 
4 .  K e r c z e w s k i ,  R . J . ,  D a u g h e r t y ,  E . S . ,  and 
CR-168089, 1982. 
K ramarchuk ,  I . ,  "Au tomated  Measurement  o f  t h e  7 .  
B i t - E r r o r  Ra te  as a f u n c t i o n  o f  S i g n a l - t o - N o i s e  
R a t i o  f o r  M ic rowave  Commun ica t i ons  Systems,"  
2 9 t h  A u t o m a t i c  RF Techn iques  GrouD C o n f e r e n c e  
C o n t r a c t  
g o a l  s 
2 . 5  ( 1 . 0  m i n . )  
15 ( 1 8  max.)  
1 .o 
1 . 2 : l  ( 1 . 5  max.) 
1 . 2 : l  
40 
1 0  
D i g e s t ,  IEEE, New York. June 1987: (NASA 
TM-89898.) 
Ford 
Mean S t a n d a r d  Mean 
dev i a t  i o n  
2 . 7  0 . 3 5  1 . 2 8  
20.7 1 . 6 2  1 8 . 0  
5 . 6  1 . 4  2.23 
1 . 8 2 : l  0 . 3 0 : l  1 . 3 0 : l  
1 . 7 0 : l  0 . 2 6 : l  1 .40 :  1 
54 .0  5.7 58.0 
15 .6  1 0 . 9  32.2 
5. B a g w e l l ,  J.W., " A  System fo r  t h e  S i m u l a t i o n  
and E v a l u a t i o n  of S a t e l l i t e  Commun ica t i on  
Ne tworks , "  1 0 t h  Commun ica t i on  S a t e l l i t e  
Systems Con fe rence ,  AIAA, New York, 1984, 
pp .  172-180. (NASA TM-83531.) 
S h a l k h a u s e r ,  K.A. and K e r c z e w s k i ,  R . J . ,  
"Au tomated  T e s t i n g  o f  Deve lopmen ta l  S a t e 1  1 i t e  
Commun ica t i ons  Systems and Subsys tems , "  2 5 t h  
A u t o m a t i c  RF Techn iques  Group C o n f e r e n c e ,  
I E E E ,  New York, 1985. (NASA TM-87070.) 
F u j i k a w a ,  G. and K e r c z e w s k i ,  R.J . ,  
" P e r f o r m a n c e  o f  a Ka-Band S a t e l l i t e  System 
Under  V a r i a b l e  T r a n s m i t t e d  S i g n a l  Power 
Conditions," 1987 IEEE MTT-S I n t e r n a t i o n a l  
M ic rowave  Symposium and E x h i b i t i o n ,  June 
1987.  (NASA TM-88984.) 
TABLE 1 .  - SUMMARY OF CW PERFORMANCE FOR THE FORD AND GE POC MATRIX SWITCHES AS 
MEASURED AT NASA LEWIS RESEARCH CENTER 
3 db  b a n d w i d t h  (GHz) 
I n s e r t i o n  l o s s  (dB)  
Bandpass r i p p l e ,  dB 
I n p u t  VSWR 
O u t p u t  VSWR 
I s o l a t i o n ,  dB 
S w i t c h i n g  speed,  ns  
GE 
S t a n d a r d  
dev i a t  i o n  
0 . 0 9 : l  
0 . 1 2 : l  
3 .6  
57 
65  1 6 . 5  Number o f  a c t i v e  c r o s s p o i n t s  D e s i g n  c e n t e r  f r e q u e n c y ,  GHz 1 4 . 7  
4 
TABLE 2 .  - SUMMARY OF BER RESULTS FOR THE FORD AND GE POC M A T R I X  SWITCHES 
F o r d  M a t r i x  S w i t c h  a .  
HPA 
o p e r a t i n g  
p o i n t  
Number of 
c r o s s p o i n t s  
t e s t e d  
Eb/No r e q u i r e d  f o r  BER = A m p l i t u d e  r i p p l e  
f o r  sys tem,  
330 MHz BW 
Frequency  
band 
A I 
! 
! 
1 
B 
C 
A ,  6, C 
S t a n d a r d  
d e v i  a t  i o n  
H i g h  Mean 
S t a n d a r d  
dev i a t  i on  
Mean 
S a t u r a t i o n  
S a t u r a t i o n  
1 dB 
1 dB 
L i n e a r  
L i n e a r  
S a t u r a t i o n  
S a t u r a t i o n  
1 dB 
1 dB 
L i n e a r  
L i n e a r  
S a t  u r  a t i on  
S a t u r a t i o n  
1 dB 
1 dB 
L i n e a r  
L i n e a r  
S a t u r a t i o n  
S a t u r a t i o n  
1 dB 
1 dB 
L i n e a r  
L i n e a r  
17 
Bypassed 
17 
By pa s s e d 
5 
By pas sed 
17 
Bypassed 
17 
By pas sed 
5 
By pas  sed 
17 
By pas sed 
17 
By pas sed 
5 
Bypas sed 
51 
Bypas sed 
51 
By pas sed 
15 
By pas sed 
1 2 . 7 6  
11 .41  
1 3 . 8 3  
1 1 . 7 5  
13.38 
12 .13  
11 .94  
11 .33  
12.11 
11 .20  
1 2 . 4 5  
1 1 . 4 0  
12.41 
11.67 
14.31 
12 .25  
12 .60  
13 .04  
12 .36  
11.47 
13 .42  
11 .73  
12 .81  
12 .19  
3 . 5 3  
1 . 2 6  
2 . 6 7  
1 . 7 0  
5 .34  
2 . 3 4  
1 . 7 4  
1 . 3 0  
2.11. 
1 . 4 8  
3 . 2 6  
1 .72  
3 . 4 2  
2 . 0 2  
7 . 0 1  
4 . 5 0  
8 . 4 1  
5 . 3 2  
2 . 9 0  
1 . 5 3  
3 . 9 3  
2 . 5 6  
5 .67  
3 . 2 9  
b .  GE M a t r i x  S w i t c h  
A m p l i t u d e  r i p p l e  
f o r  sys tem,  
330 MHz BW S t a n d a r d  
d e v i  a t  i o n  
H i g h  Low p o i n t  t e s t e d  
Mean S t a n d a r d  
dev i a t  i o n  
1 2 . 5 0  
1 4 . 9 7  
15 .87  
_ _ _ _ _  
_ _ _ _ _  
_ _ _ _ _  
2 .91  
3 .02  
6 .32  
5.10 
7.46  
6 .66  
S a t u r a t i o n  1 2 . 3 3  
14.67 
L i n e a r  15 .25  
L i n e a r  
5 
UNCOUPLED ,-DUAL GATE GaAs 
LINES -, 
\ I FET SWITCH MATRIX 
FIGURE 1 .- GE COUPLED CROSSBAR ARCHITECTURE. 
6 
OUTPUT PORTS 
P ppppp 
OUTPUT PORTS 
I U  9 8 7 6 5 4 3 2 I H B 
< 
< 
BOTTOM CHASSIS TOP CHASSIS 
(A) CROSSPOINT DISTRIBUTION. 
(B) PHOTOGRAPH. 
FIGURE 2. - FORD POC MTRIX SWITCH. 
( A )  CROSSPOINT DISTRIBUTION. 
C - 8 3 - 4 6 
(B) PHOTOGRAPH. 
FIGURE 3. - GE POC MATRIX SWITCH. 
7 
ADJUSTABLE GATE-1 BIAS 7
RF 
INPUT 
RF 
INPUT 
I I OADJUSTABLE GATE-1 BIAS 
(A)  BLOCK DIAGRAM OF FORD SWITCH/AMPLIFIER MODULE. 
( B )  PHOTOGRAPH OF FORD CROSSPOINT PAIR. 
FIGURE 4. - THE FORD CROSSPOINT DESIGIU. 
VOLTAGE 
VOLTAGE 
ORIGINAL PAGE IS 
OR POOR QUALIT3 
0 
i 
I 
I 
I 
I 
-50 OHMS I 
I 
I 
I 
I 
I 
I 
I 
I p v  ------------- --_---------- 
I 
5 0  $ I I OHMS DIRECTIONAL COUPLER (15.2 dB) I 
I 
I 
I 
I 
I PF L-- 
OUTPUT 100 OHMS 
'5V- MATCH I NG 
VDD 5100 1 NETWORK 
-I +5v I 
I 
30 
DATA f 
Interstage 
RECONF . - matching 
network 
SWITCH GATE VOLTAGE 
DRIVER LOGIC I 
READ - 
INTERCONNECT 
(PIN CONNECTOR) - - 1  
INTERSTAGE 
MATCH I NG 
100 OHMS 
VDD NETWORK 
. .  
S 
1 D lQ1 n L-- 
I - 1  
i 
I 
I 
30 
DATA + 
INPUT 
NETWORK 
RECONF. DECODER SWITCH GATE VOLTAGE LOGIC MTCHING I DRIVER 
1 L 50 OHMS - READ - 1 
DIRECT I ONAL 
COUPLER (15.2 
i Y  I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
' I  5 0  OHMS ! 
9 
2 dB/ 
START 2.00 GHz STOP 8.00 GHz 
(A)  FORD CROSSPOINT. 
START 3.50 GHz STOP 9.50 .GHz 
(B) GE CROSSPOINT. 
FIGURE 6. - TYPICAL FRFQUENCY RESPONSE. 
10 
ORIGINAL PAGE IS 
OF POOR QUALITY 
RF CONTROL AND 
3 .7-6 .2  
UPCONVERTER UPCONVERTER 
CW MEASUREMENT 
I - 
27.5-30.0 GHZ 17.7-20 .2  GHZ 
DOWN- 
CONVERTERS NOISE - 
INSERTION -1 
Fo = 3.373 GHz 
o = 3.373 GHz 
DEMODULATOR 
GROUND TERMINAL 1 
SATELL I T €  TRANSPONDER I / 17.7-20.2  GHZ 27.5-3 1.0 GHz 
FIGURE 7 .  - SATELLITE COMMUNICATION SYSTEM SIMULATOR AND TEST BED. 
UPCON- 
MODULATOR 
220 f MBPS 
GROUND TERMINAL 2 
FIGURE 8. - SYSTEM FREQUENCY RESPONSE WITH THE FORD POC NATRIX SWITCH (CROSSPOINT 6-5)  
I N  TEST BAND C. 
(C) HPA AT 1 d B  CONPRESSION. (d )  HPA LINEAR. 
( a )  NATRIX SWITCH BYPASSED. HPA SATURATED. (b)  HPA SATURATED. 
11 
- THEORETICAL 
0 BYPASS (SAT) 
0 XPT 7-6 SAT 
10-2 
10-6 
(A) FORD CROSSPOINT 7-6, TEST BAND A. 
cc 0 cc 
CL W
g 10-1 
10-2 
10-3 
1 0 - ~  
10-~ 
10-6 
10-8 
- THEORETICAL 
0 BYPASS (SAT) 
0 XPT 5-2 SAT 
XPT 5-2 1 d B  
0 XPT 5-2 L I N  
- 
- 
- \ 
 
5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
Eb”o 
(B) GE CROSSPOINT 5-2. 
FIGURE 9. - MEASURED BIT-ERROR RATE CURVES WITH THE 
HPA AT SATURATION, 1 dB COMPRESSION. AND LINEAR. 
lo-’ r - THEORETICAL 0 BYPASS 
0 XPT 3-3 
0 XPT 4-3 
9 XPT 3-7 
A XPT 6-5 
B 
CL W
t 10-1 
m 
10-2 
10-3 
10-4 
10-5 
10-6 
10-7 
10-8 
(A) SEVERAL FORD CROSSPOINTS. TEST BAND A. 
- THEORETICAL 
0 BYPASS 
0 XPT 3-2 
A XPT 4-4 
XPT 15-1 
- 
- 
\ 
4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 
lo-! 
E d N O  
(B) SEVERAL GE CROSSPOINTS. 
FIGURE 10. - KASURED BER CURVES WITH THE HPA AT 
SATURATION. 
12 
NASA 
9. Security Classif. (of this report) 
Unclassified 
Nat8anai Aeronautics and 
S ~ a c e  Administration 
20. Security Classif. (of this page) 21. No of pages 22. Price’ 
Unclassified 13 A02 
Report Documentation Page 
2. Government Accession No. ’. No. NASA TM- 100285 
AIAA-88-0826 
4. Title and Subtitle 
The Bit-Error Rate Performance of a Satellite 
Microwave Matrix Switch 
7. Author(s) 
Robert J. Kerczewski 
~ _ _ _  ___ 
9. Performing Organization Name and Address 
National Aeronautics and Space Administration 
Lewi s Research Center 
Cleveland, Ohio 44135-3191 
National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 
12. Sponsoring Agency Name and Address 
3. Recipient’s Catalog No. 
5. Report Date 
6. Performing Organization Code 
8. Performing Organization Report No 
E-3925 
10. Work Unit No. 
6 50- 60- 2 3 
11. Contract or Grant No 
13. Type of Report and Period Covered 
Technical Memorandum 
14. Sponsoring Agency Code 
5. Supplementary Notes 
Prepared for the 12th International Communication Satellite Systems Conference, 
sponsored by the American Institute of Aeronautics and Astronautics, Arlington, 
Virginia, March 13-17, 1988. 
6. Abstract 
The matrix switch is a critical element of communications satellites employing 
multiple beam antennas and on-board switching. Two proof-of-concept models of a 
microwave matrix switch have been developed under NASA-sponsored contracts. 
These switches have undergone extensive testing at NASA Lewis Research Center to 
determine their operating characteristics in a system environment. The results 
o f  these tests indicate the effect of the matrix switch on the overall system 
o p e r a t i o n .  
7. Key Words (Suggested by Author(s)) 
Matrix switch 
Satellite communication 
Bi t-error rate 
18. Distribution Statement 
Unclassified - Unlimited 
Subject Category 17 
*For sale by the National Technical Information Service, Springfield, Virginia 221 61 NASA FORM 1626 OCT 86 
